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EXECUTIVE SUMMARY
Public utility commissions in a number of states have begun to explicitly treat costs of environmental externalities in the resource planning and acquisition process (Cohen et al. 1990 ). This paper compares ten different estimates and regulatory determinations of external environmental costs associated with fossil fuel combustion, using consistent assumptions about combustion efficiency, emissions factors, and resource costs. This consistent comparison is useful because it makes explicit the effects of various assumptions. This paper uses the results of the comparison to illustrate pitfalls in calculation of external environmental costs, and to derive lessons for design of policies to incorporate these externalities into resource planning.
Important conclusions include:
(1) Residual emissions from new plants (i.e., emissions from plants that meet current emissions standards) can be important as a percentage of resource cost. Regulatory assessments of the size of externalities for the new power plants considered here range from 3 to 15%, while abatement cost analyses often yield estimates that are higher than the regulatory determinations as a percentage of resource costs.
(2) Because existing plants are not affected by the National New Source Performance Standards, their air emissions are higher than those of new power plants. The two lowest estimates under consideration yield externality costs for existing pl~nts that are large enough to influence utility dispatch and resource planning decisions substantially. '
(3) Direct use of natural gas for heating applications can result in large environmental benefits when compared to use of electric heat, though the exact size of these benefits depends on the type of electricity generation displaced.
(4) Policies that calculate externalities based on a percentage of resource costs submerge important details and should be avoided in the future. Damages from pollutants are not, in general, correlated with resource costs, but are strongly related to pollutant emissions, local topography, population density, and other physical characteristics of the surrounding area.
(5) Emissions that contribute to global warming should be treated equivalently. Carbon, which is the most important contributor to the global warming problem, is by no means the only one. Radiatively active trace gases like methane (CH4), nitrous oxide (N20), and chloroflourocarbons (CFCs) should all be assigned the same externality cost per unit of global warming contribution.
(6) There is an urgent need for a consistent, comprehensive, regional database of emissions factors for new and existing U.S. power plants , as well as for direct combustion. The more common pollutants have well known emissions rates. Others, like N20, particulates, and reactive organic gases, are not as well known. A complete treatment must include emissions from all stages of energy production and use, for a large number of different technologies and all relevant fuels.
INTRODUCTION
Many analysts have attempted to quantify societal costs of pollution and other externalities associated with fossil fuel combustion. A few regulatory bodies have even made first attempts to incorporate externality costs into the resource planning process (Burkhart 1989, Cohen et al. 1990 ). Unfortunately, estimates of externality costs are often based on quite different assumptions, making comparisons difficult. This paper calculates comparable estimates of external costs for power plants (1989 ¢/kWh) and direct fuel combustion (1989 $/MMBtu), based on consistent assumptions about heat rates, emissions factors, and resource costs, from ten different analyses and regulatory assessments of the importance of externalities in fossil fuel combustion. This paper makes explicit the effects of various assumptions, illustrates pitfalls in such calculations, and derives lessons for design of policies to incorporate externalities into resource planning.
Organization of Paper
The next section provides background information about approaches to valuing environmental impacts, and discusses pitfalls in such estimation procedures. Section 3 describes ten different estimates of external costs and Section 4 presents the methodology used to derive consistent estimates. Sections 5 and 6 present and discuss the results, and derive lessons for design of policies to incorporate externalities into resource planning and acquisition.
BACKGROUND
Framework for Comparison and Scope of the Analysis
Utilization of of all energy sources generates societal costs that are not reflected in market transactions. Figure 1 (Holdren 1981) shows a detailed listing of stages of energy sources, from exploration to end-use. It also shows phases of each stage, from research to dismantling. A comprehensive analysis of external costs must treat each and every stage in the process, which makes any such calculation inherently difficult.
Figure 2 (Holdren 1981) presents insults, pathways, stresses, and costs. Insults are humankind's physical and chemical intrusions into the natural world. Pathways are those mechanisms by which insults are converted to stresses. Stresses, defined as changes in ambient conditions (social, political, or environmental) , then lead directly to societal costs. Table 1 lists environmental and social insults attributable to fossil fuel combustion. To understand how Figure 2 relates to such insults, consider the case of sulfur dioxide. S02 (the insult) is emitted from oil and coal combustion as a gas (this is the first pathway). Some of the S02 is converted, through chemical reactions in the atmosphere, to sulfuric acid, some of which then falls in rain into lakes and watersheds (another pathway). Some of this sulfuric acid (Harte 1985 ).
While it is often possible to quantify the size of the insult, the pathways may be so numerous or complicated that they can only be represented by crude approximations. Even if it is possible to confidently predict stresses from a given insult, translating those stresses into societal costs is problematic. Some U.S. analysts have calculated direct and indirect emissions of C02 and several other pollutants from fossil fuels (Deluchi et al. 1987a , Deluchi et al. 1987b , Gleick et al. 1989 , Meridian Corp. 1989 , Unnasch et al. 1989 , but none treat all the relevant pollutants for each stage of a large number of technologies. For electric generation technologies, this analysis is restricted to emissions from the point of generation to the point of end-use1 (because of a lack of data on emissions factors from various parts of the fuel cycle). Even at these stages, data are lacking for some pollutants. Only emissions per MMBtu of fuel input are included for direct use of natural gas and oil, since the efficiency of the conversion stage for these technologies is not as easy to characterize as for electricity. Analysts may use the estimates for direct combustion presented here with their own assumptions about combustion efficiency to derive the externality cost per MMBtu of delivered heat.
Methods of Calculating External Costs
According to Griffin and Steele (1986) , external costs exist when "the private calculation of benefits or costs differs from society's valuation of benefits or costs". Pollution represents an external cost because damages associated with it are borne by society as a whole and are not reflected in market transactions.
There are two basic approaches to calculating external costs: "direct damage estimation" and "cost of abatement".2 Direct damage estimation involves calculating damages that can be definitively linked to emissions of a particular pollutant, in dollar terms (Hohmeyer 1988 , Ottinger et al. 1990 ). For instance, Shuman and Cavanagh (Cavanagh et al. 1982 ) monetize and tally the human health and environmental effects due to coal consumption in new power plants. These effects include premature human deaths, increased health costs, potential famine induced by global warming, and other effects. Direct estimation is extremely difficult, even when there are relatively few pathways.
Some of the most important effects are impossible to quantify, while others depend on pathways that we do not fully understand.
Cost of abatement approaches typically use the cost of pollution controls imposed by regulatory decisions as a proxy for the true externality costs imposed by a pollutant Caverhill 1989, Marcus 1989 ). This approach (sometimes called "revealed preferences") assumes that regulators' choices embody society's preferences for pollution control, that the marginal costs of mitigation are known, and that these marginal mitigation costs are incurred solely to reduce emissions of a single pollutant (i.e., that there are no other benefits to a pollution reduction investment).
If society's preferences are changing rapidly, abatement cost calculations may be misleading, because society's previous preferences for pollution control may not accurately represent its present preferences. If mitigation measures have multiple or incommensurate benefits, revealed preference calculations become difficult. For instance, the cost of an energy conservation measure cannot be used to estimate the true value of mitigating S02 emissions, since the conservation measure avoids power plants, reduces fuel use, and eliminates other pollutants . In contrast, the cost of flue-gas desulfurization equipment or the price premium of low-sulfur oil over high-sulfur oil can be used without modification in abatement cost analysis, because the cost of these mitigation measures is incurred solely to reduce sulfur emissions.
Pitfalls in Externality Analysis
Holdren (1980) identifies pitfalls in calculating total societal costs associated with energy technologies, which affect both direct estimation and cost of abatement approaches. These include: 1) inconsistent boundaries; 2) confusing average and marginal effects; 3) illusory precision; 4) environmental stochasticity; 5) "confusing things that are countable with things that count". 1) Inconsistent boundaries: boundaries must be drawn consistently to ensure that comparisons between estimates of external costs are fair. This principle implies that the service delivered by competing resources be identical, that all relevant stages of each resource be included in the comparison, and that geographic boundaries be drawn to include all external effects.
2) Average versus marginal comparisons: Hohmeyer (1988) calculates costs of externalities from the existing power supply mix in West Germany. While this calculation is useful to show total societal costs from power production, it will almost certainly be misleading to use these embedded externality costs per kWh to calculate the cost of externalities from either new 
DESCRIPTION OF DIFFERENT ESTIMATES
In order to illustrate the range of external environmental costs for various power sources, this paper analyzes ten different studies, regulatory determinations, and proposals concerning these costs. These studies are also summarized in Table 2 and the notes to Table 4. 3There are also difficulties in comparing externality costs from Germany to those calculated for the U.S. In spite of these difficulties, I have included Hohmeyer's damage cost estimates for NOx and S02 in my calculations, because his work has been widely cited. 
Direct Damage Estimation
Shuman and Cavanagh estimate a range of external costs from coalfired electricity from zero to 20¢/kWh (in 1980 $). Their analysis relies on direct estimation of the costs of environmental and human health externalities, including those associated with global warming. They have attempted to capture one cost of global warming by estimating the increased probability of millions of famine deaths due to changing climate. They settle on 2¢/kWh (1980 $) or about 3.1 ¢/kWh (1989 $) as their best estimate of total external costs associated with new coal-fired electricity generation (Cavanagh et al. 1982) . EPRI (1987) summarizes the direct damage estimates of two studies completed in the mid 1970's.4 One of these studies gives S02 damage costs for rural areas of Western Pennsylvania and West Virginia. The same study estimates damage costs for sulfur emissions 35 miles from NY City. Both estimates are included in Table 3 for comparison, though only the rural estimate is used in later calculations. The EPRI best estimate for NOx costs (no location given) is more than one order of magnitude smaller (and sometimes two orders of magnitude smaller) than estimates from most other studies (see Table 3 ).
Hohmeyer (1988) summarizes direct damage estimates for environmental and human health externalities from fossil fuel and nuclear electricity generation in West Germany. Hohmeyer's widely cited analysis does not differentiate damage costs by fossil fuel, nor does it specify the marginal damage cost per mass of pollutant. However, he supplied the marginal damage costs for non-greenhouse pollutants in a personal communication (1990) . Hohmeyer also calculates externalities associated with depletion of non-renewable resources and public subsidies peculiar to West Germany, which are not included here. Chernick and Caverhill (1989) estimate the external costs associated with su!.fur dioxide, carbon dioxide, methane, nitrogen oxides, particulates, and oil spills for both electricity and direct fuel consumption in New England, principally relying on abatement cost approaches (their direct damage cost estimates are not used in this paper). They approximate the cost of C02 emissions using estimates of the cost to sequester carbon using tree planting. Their analysis is among the most comprehensive yet performed, and their calculations yield externality costs that in some cases exceed the current price of energy. Implied by NYPSC(1989b) 0.48 0.94 0.0015 ---
Abatement Cost Approaches
1.01
Comments: NYPSC numbers were derived from the Con Ed/NYPSC worksheet (see Appendix B). The weighted point value of a particular pollutant as a percentage of total points was multiplied by 1 .405¢/kWh, and divided by the required change in emissions needed to yield all the points for the pollutant. Particulate matter estimates (PM) of CEC are for all particulates less than 10 microns in diameter, while the Con Ed/NYPSC system and Chernick et al. do not distinguish particulates by size. ROG =Reactive Organic Gases *Suburban/urban location is 35 miles (56 km) outside of NY City. Only sulfur dioxide damages are estimated for this location. Nitrogen oxide damages were only assigned one number by EPRI, so this number is used for both the rural and suburban/urban estimates. **Hohmeyer does estimate total external costs for global climate change, but the $/lb numbers for C02 and other greenhouse gases were not available in time for publication.
Air quality problems in California have led the regulatory agencies in this state to take a leading role in quantifying the social cost of air pollution (Cohen et al. 1990 ). The California Energy Commission (CEC) Staff, in the context of the planning process for the CEC's 1990 Electricity Report (ER-90), use an abatement cost analysis to estimate the value of air emissions reductions of S02, NOx C02, ROG, and particulates smaller than 10 microns, using data from the Southern California Edison territory and the South Coast Air Basin in LA. I assumed that the values calculated by the CEC staff were in 1989$ (CEC Staff 1989). Schilberg et al. (1989) , who are intervenors in the ER-90 process, use an abatement cost approach to derive the external cost of S02, NOx, C02, Reactive Organic Gases (ROG), CH4, and N20 for the U.S. outside of California, for California outside of the South Coast Air Quality Management District (SCAQMD), and for California inside SCAQMD. Schilberg et al.'s estimates are in 1989$.
Regulatory Determinations
The act establishing the Northwest Power Planning Council (NPPC) requires consideration of environmental impacts in. regional least-cost planning (Cohen et al. 1990 ). NPPC has since 1980 encouraged utilities in its region to give conservation a 1 0% cost advantage over conventional supply resources, because of lower financial risks associated with modular resources. If avoided costs (based on a proxy fossil fuel unit) are 5 ¢/kWh, all conservation measures that cost less than 5.5 ¢/kWh (5 ¢ x 1.1) are considered economic (NPPC 1989) . The Council does not currently advocate use of the 10% "adder" to differentiate between supply resources, although I have included it here to show the implications of using a single percentage adder for this purpose.s New York State's Public Service Commission (NYPSC) has required the State's investor-owned utilities to include a "point" system for calculating environmental costs of competing supply and demand resources as part of their integrated resources bidding programs. This scheme assigns point values to different levels of air, water, and land use. The most environmentally disruptive new resource (coal), under the most unfavorable circumstances, will be assigned an environmental cost of 1.405¢/kWh. All other resources are assigned some fraction of that total, depending on their point score. Energy efficiency, since it avoids all the external costs analyzed, would have no externality charge attached to it. The adjusted bids are then used to determine the lowest bidder (NYPSC 1989a). To illustrate this approach, this paper analyzes the environmental component of Consolidated Edison Company of New York's bidding system (NYPSC 1989b).6 In 1989, the Public Service Commission of Wisconsin (PSCWI) implemented a "non-combustion credit" of 15% for non-fossil supply and demand-side resources (excluding nuclear power, which is restricted by law in Wisconsin). In this case, the cost of conservation and renewables is reduced by 15%, so that a conservation measure costing $1 00/kW is treated as if it cost $85/kW for purposes of determining cost effectiveness in Wisconsin's resource planning process (PSCWI 1989) . This policy is equivalent to increasing the cost of conventional resources by 17.6%.
Other
The Natural Resources Defense Council (NRDC) in the context of California's collaborative process, has proposed a variable percentage "adder" to account for C02 (NRDC 1989 ) that builds upon NPPC's 10% cost adder. All supply resources would be increased in cost by 10%, plus an additional 15% for C02 emissions equal to that of a coal plant, 12% for that from an oil plant, and 9% from natural gas. For direct natural gas conservation measures, NRDC proposes that the 9% adder be used alone (and presumably direct oil use would be treated similarly, using a 12% adder). This proposal does not currently account for differential heat rates of power plants. It is included here to show the consequences of a modified "adder" to calculate external costs.
METHODOLOGY
The analysis in this paper uses various estimates of external costs, in conjunction with consistent assumptions about emissions factors, heat rates, and resource costs, to arrive at comparable estimates in 1989¢/kWh or 1989$/MMBtu (see Appendix A for a summary of those assumptions). Wherever possible, externality costs (in ¢/kWh) were calculated using Equation 2 (below) or its equivalent for direct fuel consumption.
Calculating Externality Costs
In general, external costs can be crudely characterized by Equation 1 : .
, .
(Damage Cost) Externality Cost= S1ze of Insult x unit of insult (1) where Externality Cost= total external cost to society, in dollars;
6The environmental component of the NY State bidding system does not vary much by utility service territory, so choosing the urban territory of Con Ed will yield results that are representative for most of NY.
Size of Insult is expressed in physical units (lbs emitted or hectares degraded); and
Damage Cost is expressed in dollars per physical unit of insult.
Externality costs must be normalized to some common unit of service for consistent comparison. This unit is delivered kWh, which includes transmission and distribution losses. For direct fuel consumption, the unit of service is MMBtu.
Air pollution and climate effects tend to dominate most analyses of fossil fuel externalities, and they are the principal focus of this paper. Such external costs, which vary with power plant fuel consumption, can be characterized by Equation 2 (which is a variation of Equation 1 ): The emission factor relates the particular insult to the amount of fuel burned (Table A .1 in Appendix A shows these factors).
The heat rate characterizes the first pathway by which the insult is converted from its fuelrelated state to a form that impinges upon the natural environment. The marginal damage cost relates the insult to the social costs. It embodies a relationship between the insult and the stresses that depends on assumptions about geography, dose response, weather, biotic interactions, population density~ post-combustion pathways, and myriad other factors.
EF and HR are physical parameters that can be measured, while MDC can be calculated using direct cost estimation, abatement costs, or some combination of both. MDC is an important parameter for regulatory policy analysis, but it is usually difficult to calculate and may sometimes be unquantifiable in principle. It should always be stated explicitly, along with the large number of assumptions needed to calculate such a value. Table 3 shows the marginal damage cost (or the value of incremental emissions reductions) from five externality studies and one regulatory 7For direct fuel use, this term becomes the inverse of combustion efficiency. 13 determination (in $/lb of pollutant). The assumptions about value of pollution reductions for the other studies summarized in Table 2 cannot easily be derived because they treat many pollutants in the aggregate. The implied value of emissions reductions for the Consolidated Edison Company's bidding system have been derived using the method described in Appendix B.
Marginal Damage Costs
The difference in assessments of pollutant value reflect different geographic and environmental circumstances, as well as other factors. The assessments of the value of NOx reductions in California are substantially higher than those estimated by Chernick for New England and implied by the NYPSC's bidding system. California has some of the strictest air pollution controls in the nation, which reflect its severe NOx-related ozone problems.
Chernick's, Schilberg's, and the CEC's estimates of the value of C02 reductions are based on proxy approaches, while the value implied in the Con Ed/NYPSC system (which is less than twelve percent of the other estimates) is based on cautious initial regulatory response to the global warming problem, and not on explicit analysis.
Consistent emissions estimates for pollutants other than NOx, S02, and C02, (such as particulates, reactive organic gases, N20, and methane) were not available, so the external costs related to these pollutants were not included in the calculations. As Table 3 shows, estimates for some of these pollutants indicate that they can be more costly to society per unit mass than the three that have been included in the calculations (e.g., particulates). Of course, the damages per kWh depend upon the respective emission factors for each pollutant. Table 4 shows externalities from new power plants that meet the National New Source Performance Standards (NSPS). In general, natural gas has lower external costs than other fuels used in comparable power plants. Oil is more damaging than gas but less damaging than coal, according to these estimates. This conclusion is the result of the emissions factors in Table A .1 (in Appendix A), which are lowest for gas and next lowest for oil, for all three pollutants. This ranking also seems to be reflected in the various regulatory estimates of these externalities, although for systems based on a percentage of resource cost (such as NPPC, PSCWI, and NRDC), this result is coincidental. Table 5 shows estimates of total external costs by technology type, as a percentage of delivered cost.
RESULTS
New Power Plants
In absolute terms, the lowest estimate for external costs of NSPS gas plants (EPRI) yields negligible NOx and S02 costs. EPRI assigns oil combinedcycle plants and coal plants NOx plus S02 costs of 0.1 0¢/kWh and 0.34¢/kWh, respectively. All other analyses and regulatory determinations that treat such costs explicitly (except for Hohmeyer's low estimate) yield damage costs for General: ¢/kWh numbers for estimates 1-6 have been calculated using the heat rates at the top of this table, using the appropriate New Source Performance Standards (NSPS) emissions factors for each power plant (Table A. 2), but varying the value assigned to each lb of emissions using the assumptions of various analysts and regulatory bodies ( 2) The EPRI Technical Assessment Guide, v.4 (1987) quotes the results of two direct cost estimation studies, one for S02 and one for NOx in 1975$. These costs were adjusted to 1989$ using the consumer price index.
TABLE 4 NOTES (continued). .EXTERNALITIES FROM NEW NSPS POWER PLANTS (1989 ¢/kWh)
3) Hohmeyer derives estimates of external costs from studies of the direct human health and environmental damages from nuclear and fossil fuels. He reports only total damages and does not explicitly differentiate between the fossil fuels or pollutants in his widely circulated book, but he reported marginal damage costs for each pollutant in a personal communication (Hohmeyer 1990 ). The estimates have been converted from 1982 to 1989 Deutschmarks using a 1.8% annual inflation rate, and to U.S. dollars using an exchange rate of 2 DM/U.S. $. 4) Chernick and Caverhill's estimates are based principally on abatement costs, but also undertake direct cost estimation for some pollutants. They explicitly show their assumptions about marginal damage costs in dollars per pound of pollutant, which are in 1988$ and have been converted to 1989$ using 5% inflation. 5) Schilberg's estimates of the damage cost per lb of pollutant are based on abatement cost analysis. I assume that they are given in 1989$.
6) The California Energy Commission (CEC) Staff calculated the value of air emissions reductions in dollars per ton of pollutant using abatement cost data from the Southern California Edison territory and the South Coast Air Basin in LA. I assumed that these values were in 1989$.
7) The Northwest Power Planning Council (NPPC) encourages utilities in their region to increase the cost of supply resources by 10% when calculating the cost effectiveness of conservation. The Council does not currently advocate using the 10% "adder'' to differentiate between supply resources, but the adder is included here to show the effects of using a single percentage adder for that purpose. 8) Consolidated Edison Company, as required by the New York State Public Service Commission (NYPSC), has established a point system for calculating environmental costs of competing new supply and demand resources. This scheme assigns point values to different levels of air, water, and land use. The most environmentally disruptive resource, under the most unfavorable circumstances, will be assigned an environmental cost of 1.405¢/kWh. All other resources are assigned some fraction of that total, depending on their point score. I calculated point scores for each resource based on a worksheet supplied in NYPSC documents, assuming that the externality costs were already in 1989$. Appendix B presents details of the point system and my assumptions.
9) The Public Service Commission of Wisconsin (PSCWI) reduces the cost of demand-side management options by 15% to account for external costs in their resource planning process. I calculated implied external costs for conservation equal in cost to 50% and 1 00% of the competing supply resource. · 10) The Natural Resources Defense Council (NRDC), in the context of the California Collaborative Process, proposed a variable percentage "adder'' to accoUTlt for C02. All supply resources would be increased in cost by 10%, plus an additional 15% for C02 emissions equal to that of a coal plant, 12% for that from an oil plant, and 9% from natural gas. For direct natural gas conservation measures, NRDC proposes that the 9% adder be used alone (and presumably proposes that a 12% adder be used for direct oil use). Table 4 as a% of delivered cost of supply resources; Calculation for EPRI and Shuman and Cavanagh uses their best estimates. Calculation for PSCWI uses the case where Cost of Conserved Energy equals Delivered Cost. When externality costs are expressed as a% of the cost of a power plant, the delivered costs in Table A .3 (derived from EPRI (1986)) including 6% T&D losses were used.
TABLE 5. EXTERNALITIES FROM NEW NSPS POWER PLANTS (TOTAL AS
these two pollutants that are more than a factor of two higher than EPRI's costs. In all cases where it is explicitly included (except for the NYPSC's bidding system), C02 adds more than 0.3¢/kWh in societal costs.
Regulatory determinations range from 3 to 15% of resource cost, depending upon the technology, while estimates of external costs from abatement cost or direct damage analyses are often larger than the regulatory determinations as a percentage of resource costs. These results indicate that externality costs can be significant fractions of the delivered cost of new electricity resources. Because many externalities were excluded from the analysis, this conclusion seems robust.
Existing Power Plants
I have included results for existing power plants to show the disparities in emissions factors between new and existing plants. These disparities can be important if the operating hours of old plants can be curtailed or the plants can be retired altogether when new supply or demand-side resources are added. The heat rates are derived from NERC (1989) and USDOE (1989c) . The USDOE's emissions estimates are only for steam power plants (USDOE 1989a) , which generate about 99% of the fossil-fired kWh in the U.S. Plant by plant analysis would be necessary to analyze emissions in a particular utility system. However, the results presented here give a rough indication of emissions from existing steam-electric plants by fuel type. Table 6 shows the external costs for average existing gas-steam, oilsteam and coal-steam power plants implied by the value of emission reductions in Table 3 and the emissions factors in Table A .1. Table 7 shows these estimates as a percentage of the 1988 electricity price.
Because existing plants in the U.S. are not affected by the National New Source Performance Standards, their air emissions are higher than those of new power plants. EPRI's best estimates of just S02 plus NOx yield negligible external costs for existing gas plants (the result of the low NOx costs) and costs of 0.55¢/kWh for oil and 1.1 ¢/kWh for coal. The values implied by the Con Edison/NYPSC bidding system yield estimates of about 1.9¢/kWh for coal, 0.96¢/kWh for oil, and 0.43¢/kWh for natural gas power plants. These estimates are about 29%, 14%, and 6%, respectively, of the 1988 U.S. electricity price of 6.6¢/kWh (1989$), and only include external costs from emission of S02, NOx, and C02. They ignore particulates and water/land use effects, as well as other externalities.
The two lowest estimates under considerations therefore yield externality costs for existing plants that are large enough to influence utility dispatch and 8Hohmeyer's low estimate yields smaller external costs than the EPRI best estimate, but this is not a consistent comparison. resource planning decisions substantially. To most accurately characterize the effects of such externality costs on these decisions requires use of a utility simulation model (Heslin and Hobbs 1989) . These models can help determine average emissions factors for various pollutants, the regional distribution of releases from different power plants, and how these emissions are affected by different dispatch strategies and future resource additions. Table 8 shows calculated external costs from direct use of natural gas, and Table 9 shows the same for oil combustion. The 1988 U.S. average prices for the relevant fuels are included for comparison. Table 10 shows the estimates of total external costs as a percentage of the 1988 price. Direct combustion of natural gas is always assigned external costs less than the price of the fuel, which is not true for electricity use or direct use of oil. Direct use of oil is more damaging than gas, which is the result of higher emissions factors for oil in almost all cases.
Direct Combustion of Oil and Gas
These findings suggest that delivered heat from direct combustion of natural gas has lower external costs than that associated with NSPS electricity generation using gas or other fuels. Consider the externality cost per delivered MMBtu of residential space heat from natural gas, assuming a combustion efficiency of 78%. The CEC staff estimate implies external costs of $1.24/MMBtu of delivered heat. The external cost for electricity from a new NSPS gas combined-cycle plant is 1.39¢/kWh or $4.07/MMBtu of delivered heat (1 00% efficiency at point of use), which implies that the externality cost from electric space heat in this case is more than three times higher than the externality costs for direct use of natural gas. The environmental benefits of gas space heat are even greater when compared to electricity from existing plants or to that from new oil and coal plants. 9 
DISCUSSION
The NY State Bidding Systems
The NY State Bidding systems have been widely quoted as assigning an externality cost of 24% of avoided costs in NY State. However, only the most polluting resources (e.g., coal) under the worst possible circumstances are assigned this cost. A coal plant in a favorable location that utilizes existing infrastructure will have lower externalities than would such a facility in the worst case. Estimates derived from this system for typical new NSPS power plants are between 0.46 and 1.27¢/kWh, depending on the fuel and technology (see Table 4 ). Care should therefore be used in interpreting the implications of the NYPSC's externality weighting scheme.
9Using a condensing gas furnace (efficiency-95%) will increase this differential, while using best available control technology for power plants (usually selective catalytic reduction for NOx) will reduce it.
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Site-Specificity of Damages
Many externalities are strongly site specific and dependent on particular circumstances, so comparisons and generalizations should be attempted only with caution. For instance, power plants that use existing infrastructure (power lines, pipelines, etc.) will have fewer environmental impacts than those that require construction of new infrastructure. Pollution in rural areas will have far different impacts than pollution in urban areas, although the total societal costs may in some cases be comparable.
New York State's bidding systems acknowledge this complexity in land and water use issues, but do not do so for air pollution. Approaches that have been adopted by other regulatory bodies are even less accurate in characterizing geographic variations. This omission is a key area for improvement. Regulators should differentiate between air emissions in rural, suburban, and urban areas, because damages can vary widely among such locales.
Resource Cost and Externalities
The NPPC's conservation adder and the PSCWI's non-combustion credit are path-breaking contributions to resource planning. However, using such techniques implicitly assumes that resource cost is a good measure of externality costs. Environmental and human health damages from pollution are usually strongly correlated with fuel type, air emissions, heat rates, and other operating characteristics of power plants, and have little relation to resource cost. Resource planning estimates of externalities that are based on a percentage of the busbar cost of the resource can therefore lead to perverse results.1o
For instance, using NPPC's 10% cost adder to differentiate between external costs of new supply resources implies that a new NSPS coal plant has external costs only 50% higher than a gas-fired combined cycle (CC) plant that emits no sulfur and has an efficiency 14% higher than the coal plant. Other estimates (e.g., [1] [2] [3] [4] [5] [6] in Table 4 ) typically indicate that externality costs from this new coal plant are two to four times larger than those from the CC gas plant. The NRDC proposal is an improvement over the single percentage adder, but it still ignores power plant heat rates and depends upon resource cost.
The NYPSC bidding system, which represents a great step forward in treating externalities explicitly in resource acquisition, depends indirectly upon 1 Ocomparisons between different estimates based on a percentage of a resource's cost can be instructive, but the estimates themselves should not be based on such percentages. The "resource cost" of increasing output at existing plants is equal to the short-run variable costs, which are much lower than the total delivered costs of a new resource. In addition, existing plants are usually far more polluting than new plants of the same type. Basing estimates of externality costs on a fixed percentage of resource costs will be even more misleading in this case.
• 
Site-Specificity of Damages
Resource Cost and Externalities
For instance, using NPPC's 10% cost adder to differentiate between external costs of new supply resources implies that a new NSPS coal plant has external costs only 50% higher than a gas-fired combined cycle (CC) plant that emits no sulfur and has an efficiency 14% higher than the coal plant. Other estimates (e.g., 1-6 in Table 4 ) typically indicate that externality costs from this new coal plant are two to four times larger than those from the CC gas plant. The NRDC proposal is an improvement over the single percentage adder, but it still ignores power plant heat rates and depends upon resource cost.
The NYPSC bidding system, which represents a great step forward in treating externalities explicitly in resource acquisition, depends indirectly upon 10comparisons between different estimates based on a percentage of a resource's cost can be instructive, but the estimates themselves should not be based on such percentages. The "resource cost" of increasing output at existing plants is equal to the short-run variable costs, which are much lower than the total delivered costs of a new resource. In addition, existing plants are usually far more polluting than new plants of the same type. Basing estimates of externality costs on a fixed percentage of resource costs will be even more misleading in this case. resource cost. The total value of externalities is fixed (1.405¢/kWh) and this value is distributed depending upon the number of points assigned to a given pollutant. This system is an improvement over other regulatory determinations because it is far more detailed, but its reliance on resource cost may lead to inappropriate ranking of bids in the future.
Global Warming
Several attempts have been made to quantify the cost of global warming, either through direct cost estimation (Cavanagh et al. 1982) or through proxy methods (CEC Staff 1989 , Chernick and Caverhill 1989 , Schilberg et al. 1989 . Direct damage calculations for this phenomenon are especially difficult because regional forecasts of climate change are even less certain than the global predictions, yet regional forecasts are necessary to estimate damages . Proxy approaches are also problematic since many global warming mitigation measures have multiple benefits , and many of these measures await detailed, consistent tabulation.
In spite of these uncertainties, one important conclusion emerges: all emissions that contribute to global warming should be treated similarly. Carbon, which is the most important contributor to the global warming problem, is by no means the only one. Radiatively active trace gases like methane (CH4), nitrous oxide (N20), and chloroflourocarbons (CFCs) should all be assigned the same externality cost per unit of global warming contribution. The appendices in explain how to convert concentrations of the other gases into equivalent C02 concentrations, which can then be used to assign these gases externality costs (once the appropriate cost for C02 has been determined). Others have also derived "warming factors" that can be used to achieve the same result (e.g., Unnasch et al. (1989) and DeLuchi et al. (1987a) ).
Assumptions
Because the choice of a value for externalities is necessarily subjective, it is essential that important input assumptions be made explicit. The cost per pound of pollutant emitted (or per other physical unit of insult) should be a primary input to the calculation of the external cost of a given technology, and should always be stated clearly. Geographic and system boundaries should be consistent for different technologies, as inclusive as possible, and explicitly documented.
The Need for Consistent Emissions Factors
This analysis highlights the need for a consistent, comprehensive, regional database of emissions factors for new and existing U.S. power plants, as well as for direct combustion. The more common pollutants have well known emissions rates. Others, like N20, particulates, and reactive organic gases, are not as well known. A complete treatment must include emissions from all stages of energy production and use, for a large number of different technologies and all relevant fuels.
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CONCLUSIONS
Current estimates of the societal costs of electric power and direct combustion of fossil fuels can be substantial fractions of the cost or price of the corresponding resources. Regional complexities make generalizations difficult. these complexities should be accommodated to the greatest extent possible when designing policies to incorporate societal costs in ratemaking and utility resource planning. Uncertainties in such calculations are large and should be made explicit.
Regulatory assessments of the size of externalities for the new power plants considered here range from 3 to 15%, while the abatement cost analyses considered here generally yield estimates that are higher than the regulatory determinations as a percentage of resource costs. Externality costs from existing power plants are probably large enough to influence utility dispatch decisions. Externality costs for direct combustion of natural gas for water or space heat are substantially lower than externality costs associated with using fossil-fueled electricity for this purpose.
Policies that calculate externalities based on a percentage of resource costs submerge important details and should be avoided in the future. Damages from pollutants are not, in general, correlated with resource costs, but are strongly related to pollutant emissions, local topography, population density, and other physical characteristics of the surrounding area. Table A .1 shows emissions factors for S02, NOx, and C02 for five types of new power plant technology, existing natural gas, oil, and coal power plants, and seven types of direct combustion of gas and oil. I have expressed these emissions factors in pounds of pollutant per MMBtu of fuel input. This approach is helpful because it produces emissions factors that are independent of assumptions about power plant heat rates.
8.APPENDIX A. INPUT ASSUMPTIONS Emissions Factors
The sulfur emissions for oil and coal are calculated as shown in Table  A .2, with the uncontrolled emissions factors corresponding to those for direct combustion (assuming an uncontrolled release fraction of 1 00%), and the controlled emissions factors corresponding to those from power plant combustion meeting the 1979 National New Source Performance Standards (NSPS) (Cooper and Alley 1986, USEPA 1979) . The NOx emissions factors for new power plants correspond to the NSPS values for all cases. The emissions factors for existing power plants are derived from USDOE (1989a). The NOx emissions factors are consistent with recent estimates of such factors for existing plants in Finland (Hupa et al. 1989 ). The NOx emissions factors for direct combustion (and all C02 emissions factors) are from Chernick (1989) . (EPRI 1986) . I used these delivered costs to calculate the total external costs implied by the Northwest Power Planning Council's 10% cost adder and the NRDC's C02 adders. The value of Wisconsin's 15% credit for demand-side management (DSM) technologies was calculated for two cases; one in which DSM costs half of the corresponding supply technology, and one in which it costs the same as the corresponding supply technology.
Power Plant Cost Assumptions
The capital cost of the power plants includes a 20% reserve margin adjustment. The nominal fixed charge rate (FCR) for a 30 year lifetime was derived using the tax multiplier method (Kahn 1988 ), EPRI's typical capital structure (EPRI 1986), a 6.1% real discount rate, and a state plus federal tax rate of 38%. The FCR for a 40 year lifetime was approximated by calculating the ratio of the Capital Recovery Factor (CRF) using 6.1% real discount rate for a thirty year lifetime to that for 6.1% and a forty year lifetime, and multiplying this ratio by the 30 year FCR. Fuel Prices are levelized values (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) from the USDOE's Annual Energy Outlook (USDOE 1989b). 
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Direct fuel Use: Chernick and Caverhill (1989) (1986, p. 8-33) APPENDIX B.
CALCULATING EXTERNAL COSTS USING THE NVPSC'S WORKSHEETS
External costs were calculated using the NYP8C's worksheets for the Consolidated Edison Company. For each environmental impact, there is a point score and a weighting factor. Point scores range from one to five, while weighting factors range from one to nineteen. A non-polluting resource such as energy efficiency will receive the maximum number of points (240 points), which equals five times each weighting factor, summed over all environmental impacts. The number of points for each resource was subtracted from the maximum point value (240). This difference, divided by the maximum point value, and multiplied by 1.405¢/kWh gives the externality cost for each resource in ¢/kWh.
To calculate the implicit value of 802 emissions reductions shown in Table 3 , the weighting factor for 802 was multiplied by five points, divided by the total number of points for all externalities, and multiplied by $14.05/MWh (1.405 ¢/kWh). This number was divided by 6.01 lbs/MWh minus 0.49 lbs/MWh, which represents the emissions reduction needed to capture all points allocated to 802 emissions. C02, NOx and particulates were treated analogously.
